INTRODUCTION {#sec1-1}
============

Malignant ascites is the accumulation of fluid containing malignant cells in the peritoneal cavity. Primary peritoneal or metastatic malignant tumors account for approximately 10% of all cases of ascites.\[[@ref1]\] Malignant ascites is an infrequent yet serious complication of terminal cancer and suggests a poor prognosis;\[[@ref2][@ref3]\] the mean survival period for such patients is 20 weeks from the time of diagnosis.\[[@ref4]\] Thus, the swift and accurate diagnosis of these patients is essential to ensure timely treatment and improve the prognosis of the malignancy.\[[@ref5][@ref6]\] Unfortunately, the optimal minimum volume of peritoneal fluid required for a diagnosis of malignancy is not clear. The volume delivered to the cytology laboratory is generally less than what is collected from the patients. If malignant cells are found in a peritoneocentesis specimen, then the specimen is adequate regardless of its volume. However, if a small volume of specimen is delivered and yields no malignant findings, it is not certain whether this is a false-negative result due to the small fluid volume or because the sample is truly benign. To the best of our knowledge, no study, to date, has documented the equivalence optimal volume of ascites sample for the diagnosis of malignant ascites; this study appears to be the first of its kind. In light of the situation described above, we strove to examine how the volume of peritoneocentesis specimens impacts the accuracy of the diagnosis in peritoneal effusion cytology. We anticipate that an optimal cutoff value for the peritoneal effusion volume would provide a practical guideline for physicians when submitting peritoneocentesis specimens to a laboratory.

Cytopathological inspection of ascites is the gold standard test to diagnose malignant ascites. Recently, some scholars have suggested that using a paraffin-embedded cell block method, in which there are more cells than in direct, enhances the collection of malignant cells in ascites. The paraffin-embedded cell block technique not only increases the sensitivity but also helps demonstrate better architectural patterns, which could be of great assistance in making the correct diagnosis of the primary lesion.\[[@ref7][@ref8]\] Although many studies have compared the diagnostic yield of cytology from peritoneocentesis, needle biopsy, and peritoneoscopy, few have evaluated the optimal volume needed to make the diagnosis of malignant ascites.

PATIENTS AND METHODS {#sec1-2}
====================

Between January 1, 2015, and October 31, 2016, 123 patients underwent diagnostic peritoneocentesis, including 69 females and 54 males. Patients with confirmed or suspected malignancy were eligible for the study. The suspected malignancy was determined by clinicians who ordered the peritoneocentesis because the patients presented signs and symptoms that included a history of a known malignancy, abdominal pain, weight loss, unexplained splenomegaly and hepatomegaly, abdominal mass, jaundice, bloating, ascites, and other symptoms caused by the effusion. All the patients had shifting dullness, defined as the presence of greater than or equal to 1,000 milliliters of ascites.

After obtaining the ascites from the patients, followed by agitation to homogenize the cellularity, we divided the samples into seven aliquots, including 10, 50, 100, 150, 200, 250, and 300 mL volumes, which were submitted to the cytology laboratory. Initially, 20 mL was sent for biochemical and microbiologic studies. Each sample was submitted fresh. Peritoneal effusion was sampled transabdominally using a 20-gauge needle under ultrasound guidance by a trained operator. The entire volume of each aliquot sample was centrifuged for 10 min at 2,000 revolutions per minute (r/min), and the supernatant was discarded. Then, the paraffin-embedded cell blocks were prepared using the precipitate and were stained with hematoxylin and eosin.\[[@ref9]\]

The paraffin-embedded cell blocks were processed by one cytotechnologist as per the standard protocol of the Second Affiliated Hospital of HMU cytopathology laboratory protocol. These cell blocks were analyzed by a single pathologist to confirm the presence or absence of malignant cells. All the specimens were reported as being either positive or negative for malignancy. The result was defined as positive when any of the seven cell blocks appeared to be malignant and was negative only if all the seven cell block results were negative. The gold standard test for diagnosing malignant ascites is the cytological or histological confirmation of the presence of malignant cells in the peritoneal effusion specimen within 6 months of the initial peritoneocentesis.

The sensitivity of the different aliquots was calculated and analyzed. The sensitivities, specificities, negative predictive values (NPVs), and positive predictive values (PPVs) were calculated for the seven different peritoneal effusion specimens (the 10, 50, 100, 150, 200, 250, and 300 mL volumes). Four measures of six aliquot specimens (the 10, 50, 100, 150, 250, and 300 mL volumes) were compared with the corresponding values of the 200-mL aliquot.

This study was a randomized and single-blinded prospective study based on patients from the Departments of Gynecology and Obstetrics and Gastroenterology and Hepatology, and all authors had access to the study data and reviewed and approved the final manuscript. The study was approved by the institutional review board of our university. We confirm that all research was performed in accordance with the relevant guidelines and regulations. Informed written consent was obtained from all individuals and/or their legal guardians.

A *Chi-squared* test was applied to analyze the relationship between the demographics, the cell block results\' information, and the malignancy diagnosis. A *P* value of less than 0.05 was considered statistically significant. The data were statistically evaluated using SPSS v19.0 software packages.

RESULTS {#sec1-3}
=======

The demographic data and characteristics of all the patients and controls are presented in [Table 1](#T1){ref-type="table"}. During the study period, 123 patients who had greater than or equal to 1,000 mL of ascitic fluid were recruited, including 69 females and 54 males. The patients ranged in age from 28 to 83 years with a mean age of 63 years. A total of 93 patients (75.6%) had a previous diagnosis of malignancy. The differences in gender (*P* = 0.942), age (*P* = 0.156), and history of any malignancy (*P* = 0.380) were not statistically significant.

###### 

Demographics of study patients

  Demographic variable        No. of patients   No. positive for malignancy   *P*
  --------------------------- ----------------- ----------------------------- -------
  Gender                                                                      
   Male                       54                41 (75.9)                     0.942
   Female                     69                52 (75.4)                     
  Age (years)                                                                 
   ≥60                        75                60 (80.0)                     0.156
   \<60                       48                33 (68.8)                     
  History of any malignancy                                                   0.380
   Yes                        49                35 (71.4)                     
   No                         76                58 (76.3)                     
  Primary lesion                                                              
   Gastric cancer             30                22 (73.3)                     0.630
   Liver cancer               26                20 (76.9)                     
   Ovarian cancer             19                14 (73.6)                     
   Pancreatic cancer          22                16 (72.7)                     
   Colon cancer               15                12 (84.6)                     
   Peritoneal mesothelioma    11                9 (81.8)                      

*P* from Chi-square tests

The primary tumors of the study group are also shown in [Table 1](#T1){ref-type="table"}. We demonstrated that there was no significant difference in the sensitivity of the different cancers (*P* = 0.630). The most common cancer was gastric cancer, which was detected in 30 of the 123 patients (24.9%), followed by liver cancer in 26 of the 123 patients (21.1%). The total number of malignant ascites confirmed by all the methods described above was 93, which represented 75.6% of all the recruited patients.

Due to lack of fluid volume, one patient\'s sample was discarded. There was another patient whose cell block information was lost prior to blinding. These two patient samples were discarded from the following analyses, leaving a final sample size of 121 patients, with 93 (76.9%) of these being positive for malignancy. As shown in [Figure 1](#F1){ref-type="fig"}, the sensitivities of each aliquot of different primary cancers varied, and the different volumes of each aliquot also yielded dissimilar results. When the volume was 10 mL, the sensitivity of the different cancers (gastric cancer, liver cancer, ovarian cancer, pancreatic cancer, colon cancer, and peritoneal mesothelioma) was 23.3%, 26.9%, 26.3%, 22.7%, 26.7%, and 27.3%, respectively; when the volume was 50 mL, these sensitivities were 30%, 38.5%, 31.6%, 36.4%, 33.3%, and 36.4%, respectively; when the volume was 100 mL, these sensitivities were 43.3%, 46.2%, 42.1%, 45.5%, 46.7%, and 45.5%, respectively; when the volume was 150 mL, these sensitivities were 53.3%, 65.4%, 57.9%, 54.5%, 60.0%, and 54.5%, respectively; when the volume was 200 mL, these sensitivities were 70.0%, 73.1%, 68.4%, 68.2%, 66.7%, and 72.7%, respectively; when the volume was 250 mL, these sensitivities were 66.7%, 69.2%, 73.7%, 68.2%, 73.7%, and 63.6%, respectively; and when the volume was 300 mL, these sensitivities were 70.0%, 69.2%, 68.4%, 72.7%, 66.7%, and 72.7%, respectively. The above data show that the sensitivity of all six cancers increased as the sample volume increased and plateaued when the specimen volume reached 200 mL. The findings further illustrated that there was no significant difference in the sensitivities of the different cancers. Thus, we suggest that the volume of 200 mL is the optimal cutoff for the detection of malignancy in peritoneal fluid.

![Sensitivities of different volumes of malignant ascites from different primary lesions](SJG-25-327-g001){#F1}

[Table 2](#T2){ref-type="table"} contains all the numbers of the available samples and the positive results, together with the sensitivities, specificities, PPVs, and NPVs for the six fluid volumes using the paraffin-embedded cell block technique. As depicted in [Table 2](#T2){ref-type="table"}, the different specimen volumes yielded different positive rates, and the more precisely positive rates increased as the detection volume enlarged. The significant differences between the 10- and 200-mL volumes (*P* = 0.000 and *P* = 0.008), between the 50- and 200-mL volumes (*P* = 0.000 and *P* = 0.020), between the 100- and 200-mL volumes (*P* = 0.000 and *P* = 0.032), and between the 150- and 200-mL volumes (*P* = 0.000 and *P* = 0.044) were significant for sensitivity and NPV. There were moderate increases in the sensitivity and NPV between the 250- (*P* = 0.857 and *P* = 0.906) and 200-mL volumes and between the 300- (*P* = 0.582 and *P* = 0.791) and 200-mL volumes. However, no significant differences in the sensitivity and NPV values were observed between the 250- and 200-mL volumes or between the 300- and 200-mL volumes. No statistically significant difference in any aliquot volume of ascites was observed for the specificities or PPVs.

###### 

Cell block results

  Volume (mL)                                Sensitivity     Specificity     PPV             NPV
  ------------------------------------------ --------------- --------------- --------------- ---------------
  10                                         31.2% (29/93)   96.4% (27/28)   94.1% (29/30)   29.7% (27/91)
  50                                         40.9% (38/93)   92.8% (26/28)   94.1% (38/40)   32.1% (26/81)
  100                                        52.7% (43/93)   89.3% (25/28)   94.1% (43/46)   36.2% (25/75)
  150                                        66.7% (47/93)   85.7% (24/28)   91.2% (47/66)   43.6% (24/71)
  200                                        78.5% (73/93)   82.1% (23/28)   90.2% (73/78)   53.5% (23/43)
  250                                        79.6% (74/93)   82.1% (23/28)   89.7% (74/79)   54.8% (23/42)
  300                                        81.7% (76/93)   78.6% (22/28)   88.9% (76/82)   56.4% (22/39)
                                                                                             
  *P* for pairwise comparisons with 200 mL                                                   
                                                                                             
  10 vs 200                                  0.000           0.087           0.535           0.008
  50 vs 200                                  0.000           0.230           0.760           0.020
  100 vs 200                                 0.000           0.449           0.981           0.032
  150 vs 200                                 0.000           0.718           0.756           0.044
  250 vs 200                                 0.857           1.000           0.983           0.906
  300 vs 200                                 0.582           0.737           0.821           0.791

PPV: Positive predictive value; NPV: Negative predictive value

DISCUSSION {#sec1-4}
==========

Malignant ascites is associated with a wide range of neoplasms, such as colorectal, stomach, pancreatic, and ovarian cancers. The accumulation of massive amounts of malignant ascites is a significant cause of morbidity and mortality in patients with abdominal neoplasms.\[[@ref10][@ref11]\] Indeed, malignant ascites is a poor prognostic indicator for most malignancies, with a mean life expectancy of approximately 6 months.\[[@ref1][@ref12]\] Although many physical examinations, invasive methods, and several protein markers, such as carcinoma antigen 125, alpha fetoprotein, prostate-specific antigen, and carcinoembryonic antigen, are used to differentiate malignant ascites from benign ascites,\[[@ref13][@ref14]\] few studies, if any, have sought to determine the optimal volume of ascites obtained by peritoneocentesis to diagnose malignancy.

To compare the interobserver reliability, at the beginning of our study, all the aliquot samples were reviewed open-label by a senior and junior staff pathologist to determine whether malignant cells were present; the results were then reported as positive or negative. The results were compared using the kappa test method. When the value of kappa is greater than 0.7, it demonstrates a high degree of consistency, and when it is less than 0.4, this demonstrates a low degree of consistency. When the value of kappa varies from 0.4 to 0.7, it demonstrates good consistency. The cytological diagnosis results of the two pathologists are shown in [Table 3](#T3){ref-type="table"}. The value of kappa was 0.734, which is higher than 0.7, and the value of *P* was 0.000, which is less than 0.05. These results indicated that the cytological diagnostic results did not differ significantly between the two pathologists. Thus, only one pathologist performed the following trials.

###### 

Results of diagnosis from the two pathologists

                             Senior staff pathologist   
  -------------------------- -------------------------- ----
  Junior staff pathologist                              
   Positive                  89                         6
   Negative                  5                          21

Kappa=0.734; *P*=0.000

In patients with ascites and a suspicion of cancer, cytopathology is the gold standard test for confirming the presence of tumor cells.\[[@ref15]\] Cytopathology is well established as a sensitive, noninvasive tool for diagnosing malignant peritoneal effusion. Although a malignant marker is not detected in some malignant ascites, the application of such markers is proposed in the diagnosis of malignancy. However, compared with cytological diagnosis, the specificity and sensitivity of tumor marker detection in the diagnosis of ascites do not demonstrate a clear advantage.\[[@ref16][@ref17][@ref18]\] Thus, cytology of ascites is the gold standard to diagnose malignant ascites,\[[@ref9]\] although its sensitivity ranges only between 50% and 70%,\[[@ref19]\] which may be caused by the fact that a primary tumor might infiltrate the peritoneum but not shed cells, leading to a negative cytology result. The traditional method of cytology of the pleural effusion and ascites has the advantage of feasibility, short performance time, and low cost. However, this traditional process tends to be negatively affected by many undesirable factors, including the time length of specimen storage, the thickness of the slice, solidification, dyeing quality, and so on. Due to technical limitations, materials, production, lack of organization structure, and cell degeneration, cytology will inevitably lead to a missed diagnosis or a misdiagnosis. Effectively reducing the missed diagnosis and misdiagnosis of cytology is a basic requirement. A higher sensitivity depends on a good cytologic technology. To ensure the reliability of the cytology results, the clinicopathological results, the laboratory findings and the results of the biochemical examination were verified in this study, which could maximally reduce cytology results of a missed diagnosis or a misdiagnosis. A paraffin-embedded cell block collects more cellular components, which are not affected by the formation of ascites, the cell components are more concentrated, and the reading time is shortened to a certain extent. Thus, the paraffin-embedded cell block technique was used for the cytologic examination in this study. This approach not only increases the sensitivity but also helps better demonstrate the architectural patterns, which could be of great assistance in making the correct diagnosis of the primary lesion. Many additional factors related to the preparation of paraffin-embedded cell blocks may affect the results; thus, careful attention should be paid during this process. For instance, the specimens should be kept fresh, and the slice should be made as soon as the specimen is sent to the laboratory. If smears cannot be made promptly, anticoagulation should be applied to the specimens to prevent clotting and autocytolysis. In addition, all the specimens were spun in a centrifuge at 1,500--2,000 r/min for 5--10 min.

In this study, we examined 123 peritoneal specimens collected over a period of 22 months; we aimed to recruit as many patients as possible to help us determine the optimal cutoff volume for peritoneocentesis specimens. Swiderek *et al*. demonstrated that a thoracentesis sample volume of at least 60 mL performed better than a volume of 10 mL\[[@ref20]\] and that 75 mL was the minimum fluid volume\[[@ref21]\] to make the diagnosis of malignancy. This study was performed to evaluate the optimal volume of ascitic fluid required to make the diagnosis of malignant ascites. To our knowledge, no study has been performed previously to determine the optimal volume of ascitic fluid. As we had no relevant reference, we used 50 mL as the volume gradient because the specification of the syringe that is used in the clinic to tap ascites is 50 mL, and the first pumping of ascites should be less than 1,000 mL.

The sensitivity measures the proportion of the positive results that are correctly identified as such. The sensitivity and the false-negative rate are complementary, and the false-negative rate is equal to the rate of a missed diagnosis. Therefore, a higher sensitivity indicates less missed opportunities for diagnosis. The NPV is the proposition of the negative results in the statistics and diagnostic tests that are true-negative results, and a higher sensitivity suggests a higher NPV. In this study, we determined that there was a higher NPV for the 200-mL volume than for the 10-, 50-, 100-, and 150-mL volumes. Although there was no statistically significant difference between the 200- and 250- or 300-mL volumes, our study showed an incremental increase in the sensitivity with the increased volume of ascites used for the analysis. No statistically significant difference in any aliquot volume of ascites was observed for the specificity or PPV. A reasonable selection of the specimen volume and the number of specimens can maximally reduce the misdiagnosis rate and avoid a repeated submission. Thus, we suggest submitting 200 mL when diagnosing malignancy in the clinic.

For the patients who were diagnosed with malignant ascites by peritoneocentesis, the types of cancer cells identified were consistent with previous literature.\[[@ref22][@ref23]\] These findings suggest that gastrointestinal cancer is the most common cause of malignant ascites. Previous studies have suggested that more females will have malignant ascites because ovarian cancer is the most common cause of malignant ascitic fluid in females.\[[@ref24]\] In our study, gastrointestinal cancer in patients diagnosed with malignant ascites was the most common, and ovarian cancer was the most common among females, which is consistent with previous literature. Because of the NPV and PPV associated with the cell block technique, some invasive procedures, such as laparoscopy, are needed to confirm the presence of malignancy. For instance, the diagnosis of peritoneal malignancy is dependent on abdominal paracentesis and abdominal computed tomography. The incidence of stomach cancer and liver cancer was highest in the malignant ascites.

When we ran a blind analysis, one patient\'s sample had missing cell block information and thus could not be included in our final analysis. There were 13 patients who underwent more than one peritoneocentesis in which more than one ascites sample was analyzed in our study; however, the results were consistent with the results for the pleural fluid\[[@ref20]\] and were identical when only the first sample was analyzed.

This study has some limitations. First, when we recruited the patients, we only included patients with gastric, liver, ovarian, pancreatic, and colon cancer, or peritoneal mesothelioma. However, malignant ascites can also be caused by many other types of cancer, such as esophageal cancer, lymphoma, and cholangiocarcinoma. Therefore, our studies might not reflect all causes of malignant ascites. However, the cases that were not recorded in our study have a low incidence, and we would not have recruited a sufficient number of patients in a short period of time. In addition, we found that the positive rate of diagnosis of malignant ascites was not significantly different for various types of tumor cells. Second, our study reports results from a single institution. Thus, our results need to be verified in larger samples and in randomized controlled multicentered clinical trials. Finally, all the patients in our study provided greater than or equal to 1,000 mL of ascites, and patients with no shifting dullness were not included in our study. We found that 200 mL was the optimal volume to diagnose malignancy, but the optimal volume for patients with a smaller volume of ascites was not straightforward. In the clinic, we collect any volume of ascites to diagnose malignancy.

According to our prospectively derived data, we suggest that 200 mL is the optimal minimum volume for the diagnosis of malignant ascites with shifting dullness. In particular, we should pay attention to the heterogeneous distribution of the cells within the ascites. The cells in the ascitic fluid are subject to a gravity-dependent gradient, which creates an environment that is more likely to detect the malignant cells. Thus, before the collected ascites is separated, all the specimens should be agitated to eliminate the effect of the gravity-dependent gradient.

CONCLUSION {#sec1-5}
==========

This study is the first to prospectively determine the optimal minimum volume required for an accurate cytological diagnosis of malignancy in peritoneal fluid. The results indicate that higher volumes yield higher sensitivities for the detection of malignancy, which may be caused by the fact that there are more malignant cells in a larger volume of ascitic fluid. However, single-factor analysis of the ascites cytological examination demonstrated that 200 mL was the optimal cutoff volume required for an accurate cytological diagnosis of malignancy in patients who provide greater than or equal to 1,000 mL ascites. Therefore, we recommend that physicians submit at least 200 mL or more of the peritoneocentesis specimen for cytological analysis whenever a diagnosis of malignant ascites is sought.
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